ABSTRACT
Introduction
There are about more than 150 genes which have been implicated in hypertension. About 50 genes have been extensively studied for association with essential hypertension. [1, 2] Out of these genes some are more involved in regulatory physiologic mechanism of hypertension e.g. Angiotensin converting enzyme (ACE), Angiotensinogen 1 (AGT), Angiotensin II receptor 1 (AGTR 1) and Renin (REN), etc. In December 2008 various public media and medical periodicals announced the finding of a newly discovered hypertension gene called serine threonine kinase 39 (STK 39). Variants of this human gene influence blood pressure by increasing STK39 expression and consequently altering renal sodium excretion by working at the distal nephron. [3] Chromosomal location of STK 39 is at 2q24.3. [3] Functionally this gene encodes serine threonine kinase in response to renal tubular cell stress (e.g. hypotonic or low sodium state). This leads to phosphorylation of cation chloride coupled co transporters producing activation of p38 MAP (Mitogen Activated Protein) kinase pathway. These mechanisms result in absorption of sodium and water to increase intravascular volume and blood pressure. The site of location of this action is the thick ascending limb of the loop of Henle and distal convoluted tubules. [3] Variations in DNA sequences affect an individual to develop a disease and respond to environmental factors, pathogens, chemicals and drugs etc. In this A > G polymorphism, the less common G allele is associated with higher blood pressure. It causes enhancement in transcription to up-regulate expression of STK39. [3] As SNPs are bi-allelic so they can be easily experimented and analyzed for the purpose indicated.
Previously the study done on the single nucleotide polymorphism of serene threonine kinase 39 rs35929607 was performed in the Amish and non-Amish subjects. This study showed that the said SNP is genetically associated with the essential hypertension. It is observed that single nucleotide polymorphisms (SNPs) occur on average once per 250-1000 bp. This produces DNA sequence variants in the genome. [4, 5] In this Amish and Non-Amish population study, the association of the patterns of inheritance of essential hypertension was not tested in context to the single nucleotide polymorphism of serene threonine kinase 39 rs35929607. We performed the study on the same SNP in Pakistan on the subjects from consanguineous and non-consanguineous populations to look at the pattern of inheritance and zygosity.
Essential hypertension is a complex, multifactorial and inheritable disorder where in the environmental and genetic factors play a role in its etiology. [6, 7] Increased BMI is identified as the main environmental risk factor associated with hypertension. [8] There are many studies done on essential hypertension in context to the environmental factors. The genetic aspect is also worked up and it is supported by cross-sectional studies that the familial aggregation of the genes also contributes in its etio-pathogenesis. [9, 10] Epidemiological studies show that the risk of developing essential hypertension is increased two-to four-fold if one or both parents are diagnosed with the hypertensive disorder. [11] The genes or alleles that increase disease susceptibility vary among individuals and usually follow a recessive pattern of inheritance. Therefore, it is generally after long periods of interbreeding in a given population that such recessive traits become endemic. [11] In case of non-consanguineous populations, this mechanism does not seem to occur because there is little chance of recessive traits getting pooled. Hence, there are few major genes at work in one population to cause hypertension due to strong penetrance resulting in high blood pressure in these individuals.
Consanguineous marriages (i.e. marital relations sharing same biological parents), are being practiced since time immemorial and in multiple religions globally. The marital relation between the first cousins is the most common variety found in practice. Apart from transmission of pathologic traits to the offsprings, the consanguinity has some beneficial effects when it transmits normal physiologic and other beneficial phenotypic characters, for instance artistic skills and good body build etc. People who are blood relatives share a greater proportion of their genes than unrelated people, and thus potentially have the same mutated recessive gene. [12] It is found that both consanguineous and non-consanguineous marriage traditions may occur in the people following same religion. There are some sects where strict non-consanguineous marriages take place. The marital relations are arranged carefully by even avoiding the engagements to happen in the adjacent locations. For instance, the Indian Sikhs arrange the marriages in families with absence of maternal and paternal blood relation. They do not arrange marriages in the same village or town as well. In some Hindu communities even the adjacent villages are believed like a neighbour, so the engagements in the neighbouring villages are also avoided. These traditions make an example of a strict kind of consanguinity. In some other Hindu communities, multiple patterns also occur but in majority they practice strict non-consanguinity. Like Sikhs and Hindus, the non-consanguinity is found in Arian-Dravidians also. In these races, at least former seven paternal and five maternal generations should compulsorily show an absence of marital relation for arranging any new engagement. [13] In Hindus and ArianDravidians some sub-ethnicities also practice consanguinity.
Pakistan being a part of subcontinent has multiple ethnicities and sub-ethnicities. It has multiple cultures and marital traditions. Minority communities are concentrated mostly in the south (i.e. Sindh). The Hindu minority communities have some sub-ethnicities which practice strict non-consanguinity as opposed to the Muslims which form the majority and they practice consanguinity regardless of ethnicity. In the south, the Sindhi Muslims practice consanguinity and the first cousin marriage is the most common form of marital engagements.
The effect of consanguinity shows up as variable disease prevalence and severity in different ethnic groups. Studies show that the consanguinity is associated with occurrence of congenital and genetic disorders. [14, 15] Consanguinity has risk of increasing the frequency of homozygotes and reducing the frequency of heterozygotes thereby increasing the chances of genetic transmission of diseases. Autosomal recessive disorders occur in individuals who are homozygous for a particular recessive gene mutation. [16] The carriers of the recessive gene are not affected and will not display any signs that they are carriers, and so may be unaware that they carry the mutated gene. As relatives share a proportion of their genes, it is much more likely that related parents will be carriers of an autosomal recessive gene, and therefore their children are at a higher risk of an autosomal recessive disorders associated with consanguinity. Although the frequency of consanguinity is said to be decreasing in many geographical areas due to globalization and other factors, but it is still practiced predominantly in many countries due to cultural and religious reasons.
The complex and multifactorial disorders are also found to run in families in their descendent members. These findings show that these diseases have some genetic basis also. The examples of such disorders are: hypertension, cardiovascular diseases and the type-2 diabetes etc. The type of inheritance in these conditions does not follow a characteristic pedigree pattern but may look like autosomal dominant inheritance with incomplete penetrance. [12] The offspring of consanguineous relationships therefore are at greater risk of acquiring such kind of genetic disorders.
In the previous studies, we observed the pattern of inheritance of essential hypertension i.e. autosomal dominant and autosomal recessive, but our study was based on the few pedigrees from consanguineous and non-consanguineous populations so that the overall sample size was quite small. Although the results showed that the consanguineous pedigrees displayed a recessive and non-consanguineous a dominant pattern yet the results needed to be verified by carrying out the study on large population sample. In the present study, for getting an appropriate observation of the patterns of inheritance we employed a large sample size from both the said cohorts by taking random samples and statistically analyzed for the incidence of essential hypertension as well as the inheritance patterns. We collected the genotype data by using the tetra primer ARMS-PCR technique to detect the STK39 Single Nucleotide Polymorphism rs35929607 as this method is quite rapid, simple, cost effective and accurate. [18] It is used for studying genetic determinants of complex diseases e.g. hypertension and cardiovascular diseases etc. [19, 20] 
Materials and Methods
We carried out preliminary visits to the research area after getting approval from the Ethics Review Committee (ERC) of the Aga Khan University (AKU), Karachi. The consent form was approved by AKU-ERC and was administered to the subjects. After explaining the objectives of the research, a signature of the participant was obtained. In the absence of a signature, a thumb impression from the illiterate participants was obtained. In case of children, a parent or guardian's signature or thumb impression was also obtained. This study was carried out at Tharparker, Sindh, Pakistan (location: 24° 42' 0" North and 70° 11' 0" East coordinates) during 2011-2012. This area was selected because the Tharparker area is quite famous to inhabit ethnicity which practice strict non-consanguinity from known historical past. We also recorded the demographic and anthropometric data, presence of essential hypertension (EHTN) and comorbids (i.e. stroke, ischemic heart disease and development of diabetes mellitus after the onset of hypertension).
Total N= 528 subjects were selected randomly i.e. n= 81 from consanguineous population and n= 447 from nonconsanguineous population with 274 males and 254 females). We genotyped these subjects and calculated the prevalence of genotypes and frequencies of the allele A and G. We recorded blood pressure by taking three blood pressure measurements from the left arm at 15-minute intervals in the resting state from each participant. Any individual with systolic blood pressure >140mmHg and diastolic blood pressure >90 mmHg on all the three occasions was labeled as hypertensive.
Blood samples were collected in tubes containing ethylenediamine tetra acetic acid (EDTA) and stored at 4°C immediately. DNA was extracted from whole blood by using phenol-chloroform-isoamyl alcohol method. [20] FASTA sequence showing point mutation in STK39 gene at SNP rs35929607 was obtained from the NCBI website. Primers were designed for tetra primers amplification refraction mutation system-polymerase chain reaction (ARMS-PCR) method by using the software http://cedar.genetics.soton.ac.uk/ public_html/primer1. (viz. inner forward CTC ATG GAA TTA AAG GAT TAT TAG GAT AAC G Mer31, Outer forward AAC ACT CTC ACA AGA AGA GAT CCC AGT G Mer28, Inner reverse CAC ATT TTG GCA GTG TTT GGA CAG CT Mer26, Outer reverse CTC CCA GGT CGT TTT CAA ACA AAA ATA A Mer28). PCR was carried out using an Eppendorf Gradient Thermocycler. The reaction mix was incubated and the following programme was used: 95°C for 7 minutes (initial denaturation); 95°C for 45 seconds (denaturation, 44 cycles); 66°C for 45 seconds (annealing, 44 cycles); 72°C for 45 seconds (extension, 44 cycles); 72°C for 7 minutes (Final extension) and 4°C (hold phase). The PCR products were separated by 2.5% agarose gel electrophoresis run at 120V for 30 to 40 minutes, and the gel was transferred to Gel Doc BioRad) for visualization under ultraviolet light. Bands for the required product sizes were obtained (i.e. outer primers 349bp, allele-A 175bp and allele-G 231bp). International Journal of Medical Science and Public Health | 2014 | Vol 3 | Issue 9
Data Analysis
Data was analyzed descriptively and categorically by using SPSS-21 to observe the prevalence of the essential hypertension in the total population as well as in the consanguineous and non-consanguineous cohort with gender distribution. The prevalence of individual homozygous i.e. AA and GG genotypes, and heterozygous AG genotypes and frequencies of alleles A and G were also calculated. Frequencies of the SNPs among cases were compared with the controls describing the number and percentage of each and tested for the positive association; and calculated the p-Values and Odds Ratio (OR) with 95% confidence intervals. Association was tested for different models of inheritance including the dominant model through comparing the combined homozygous and heterozygous variants of the rare allele against others; and the recessive model by comparing the homozygosity for the rare allele against others.
Codominant model was determined by comparing the homozygous and heterozygous variants each separately against the wild type variant. Overdominant model of inheritance was determined by comparing the heterozygous variants only against others.
Assessment for concordance with Hardy Weinberg Equilibrium (HWE) was also performed by comparing the observed and expected frequencies of genotypes in the total population and the two sub-populations by using software http://www.koonec.com/kblog/2010/06/20/hardy-weinberg-equilibriumcalculator/. A level of the p-value <0.05 was considered significant.
Results
The entire population N= 528 subjects showed minimum age 10 years and maximum age 76 years (mean: 35, STD: 17). The total population, N= 528 subjects (i.e. including both the consanguineous and non-consanguineous populations) showed the genotype frequencies as 322 (61%) for AG, 191 (36%) for AA and 15 (03%) for GG. Frequency of reference allele (A) was 67.0% and of rare allele (G) was 33% (χ2 = 73.1 and p-value 0.0000) indicating that the population is not falling in concordance with Hardy Weinberg Equilibrium (HWE) and is being stratified ( Table 1 ). The genotype frequencies obtained for the consanguineous population, n= 81 in this study were found out to be 50 (61.7%) for AG, 29 (35.8%) for AA and 2 (2.47%) for GG; Frequency of reference allele (A) was 67.0% and of rare allele (G) was 33% (χ2 = 12.2 and p-value 0.0005) indicating that the population is not falling in concordance with Hardy Weinberg Equilibrium (HWE) and is being stratified (Table 1) .Genotype frequencies obtained for the nonconsanguineous subjects were 272 (60.8%) for AG, 162 (36.2%), %) for AA and 13(2.9%) for GG genotypes. Frequency of reference allele (A) was 67.0% and of rare allele (G) was 33% (χ2 = 60 and p-value 0.0000) indicating that the population is not falling in concordance with Hardy Weinberg Equilibrium (HWE) and is being stratified ( Table 1) . The entire population, N= 528 subjects showed that the incidence of EHTN was 74 (i.e. 14. percentage of essential hypertension i.e. 16 (19.8%) was noted in the consanguineous subjects as compared to the non-consanguineous i.e. 58 (13.0%), ( Table 2 ). The gender ratio was insignificant for essential hypertension in the total population i.e. males 36 (13.1%) as opposed to females i.e. 38 (15%) giving a p=value of 0.54. Genotype frequencies obtained for the consanguineous subjects with presence of hypertension in this study were found out to be 11(22.0%) for AG, 4 (13.8%) for AA and 1 (50.0%) for GG; and p-value 0.73) ( Table 2) . Genotype frequencies obtained for the nonconsanguineous subjects with presence of hypertension were found out to be for AG 33(12.1%), 22(13.6%) for AA and 3(23.1%) for GG; and p-value 0. 49 ( Table 2) . Genotype frequencies obtained for the total population (i.e. including both the consanguineous and nonconsanguineous populations) were found out to be 44 (59.5%) for AG, 26 (35.1%) for AA and 4 (5.4%) for GG; and p-value 0.35. The present total Pakistani population, studied for STK39 Single Nucleotide A > G Polymorphism rs35929607 for essential hypertension showed the lower frequencies of GG homozygous STK39 SNPs compared to controls (0.75% versus 2.08%). The AA homozygosity showed low frequencies in cases as opposed to controls (4.90% versus 31.2%).
The frequency of AG heterozygosity was also low in hypertensive cases than the normal controls (8.30% versus 52.6%) in the total population, (Table 3 ). These findings show that although the studied STK-39 SNP is related positively to cause hypertension but; its association in raising blood pressure is notably very low. The low frequency of the STK-39 SNP heterozygsity resulted also in an insignificant association with essential hypertension in the dominant (OR= 0.94, p= 0.841), codominant (OR= 0.99, p= 0.987) and overdominant (OR= 0.92, p= 0.772) models of inheritance ( Table 3 ). The recessive model of inheritance also showed an insignificant relation (OR= 0.43, p= 0.15), (Table 3) . These findings show lesser association of the genetic component in producing essential hypertension in the studied population.
The consanguineous population was then separately analyzed as to test the models of inheritance but this also displayed insignificant association in all the 4 tested models of inheritance (p-values 0.314, 0.370, 0.519 and 0.277 respectively), (Table 4) . Similar observation was noted also in the non-consanguineous population (p= 0.774, 0.661, 0.508 and 0.271 respectively), (Table 5 ). These findings show that the states of consanguinity and non-consanguinity, in relation to the genotype frequencies of STK39 for essential hypertension A > G rs35929607 polymorphic variants were found to be statistically non-significant.
Discussion
The essential hypertension (EHTN) in relation to other genes showed a positive association of single nucleotide polymorphisms (SNPs) in case of the dominant models in some populations e.g. studies on angiotensin converting enzyme (ACE) gene polymorphism. [21, 22] In some other geographical areas e.g. rural areas in India the same polymorphisms showed a negative association with essential hypertension. [23] Study carried out for the renin gene showed a positive association of the studied SNPs with EHTN. [24, 25] The angiotensinogen (AGT) gene polymorphisms also showed a positive association with the EHTN. non-significant results were obtained from African population, p-Value 0.932. [27] In Finnish population, a significant association was observed with this SNP (pValue 0.006). In these Finnish subjects even more significant association was observed in cases of individuals who had raised BMI values (BMI 25 to 30) showing the p-Value as 0.001. [28] The associations between two SNPs of STK39, rs3754777 and rs6749447 and hypertension were not significant in a Korean study. However, the AA genotype of rs3754777 in this study had lower glucose and cholesterol levels, especially in females. [29] A study carried on Chinese overweight children and relation of EHTN risk showed that STK39 rs3754777 was significantly associated with higher diastolic blood pressure (p-Value = 0.02). In this study other SNPs were also looked e.g. CSK, MTHFR, ATP2B1 etc. These multiple genes were not statistically associated with raising blood pressure. [30] It shows that there are variable findings globally wherein in some population display a positive while the other populations show a negative association for the same gene's SNPs. As the EHTN is a complex multifactorial disorder, so the raised blood pressure in such studies, could be either attributed to the other genes mainly or it is due to exposure to various environmental factors in causing blood pressure such as BMI.
In our previous studies carried on the comparative association of the environmental factors and the single nucleotide polymorphism (SNP) of STK39 rs35929607 with essential hypertension (EHTN), the logistic regression models for the effect size was performed. It was found that the said gene has least effect to raise the blood pressure. We also indicated that the environmental factors contributed more in the pathogenesis of EHTN e.g. life style, low physical activity, raised BMI and body fat percentage. We found that the raised BMI showed a maximum effect size as compared to rest of the other environmental factors. Hence, the genes which control the BMI and body fat percentage should be worked up further to elucidate their role in the etio-pathogenesis of EHTN in this population.
In the present study, the low frequency of the STK-39 SNP heterozygous genotypes has shown that its association with essential hypertension was notsignificant in context to various models of inheritance e.g. dominant, codominant and overdominant models. The recessive model of inheritance also showed that its association was also non-significant. The frequency of the homozygous genotypes was also low in all the tested models. These findings reflect that the genetic component plays a minor role in producing essential hypertension in this population. This provides presumptive evidence that in the studied subjects there are some other factors which are more important and need to be worked up from genetic studies perspectives to explore the transmission of the disease.
In order to explore the population which practices either non-consanguinity or consanguinity, the data was further analyzed separately for these two cohorts for the models of inheritance. All the four tested models of inheritance generated the non-significant p-values. This further supports the findings and calculations carried out for the entire population.
Due to cultural reasons the consanguineous marriages are favoured in Pakistan. Consanguinity has positive and favourable outcomes in case when it is associated with the absence of inheritable diseases running in the family. In such condition it can transmit exuberant phenotypes in subsequent generations, for instance good intellect and physique, artistic skills and attractive body features. The practice of consanguinity as an intrinsic familial process going on since long periods superadded by association with an inherited genetic disorder will have a definite risk of transmitting the pathologic traits in the subsequent generations. The recessive mode of transmission of diseases had been well understood and accepted kind of mechanism responsible for the monogenic disorders in context to consanguinity; but the complex disorders are less studied from consanguinity stand point. [31, 32] In our study, the various states of consanguinity and nonconsanguinity, in relation to the genotype frequencies of STK39 for essential hypertension A > G rs35929607 polymorphic variants were found to be statistically nonsignificant. This means that the most important reason for the spread of complex disorders is their mediation through multiple genes e.g. genes for obesity, BMI etc. Therefore, the inheritance patterns for such disorders also possess multifactorial etiologies operating in the background.
However, some studies support the genetic modes of transmission e.g. diseases like the Alzheimer's disease which show greater prevalence in some communities (i.e. 36%) probably due to polygenic disorders in this case being transmitted through undiscovered consanguineous International Journal of Medical Science and Public Health | 2014 | Vol 3 | Issue 9
recessive genes. [33, 34] Therefore, for the complex and multifactorial disorder like essential hypertension, it is important for future to look at definite number of genetic polymorphisms contributing to genetic variation depending on both effects of genetic and environmental background. [35] Our study showed that all the studied three kinds of populations (total, consanguineous and nonconsanguineous) are not falling in concordance with Hardy Weinberg's equilibrium (HWE) indicating that they are being stratified and there are multiple genes playing their role in the etiology of EHTN in these subjects. Therefore, gene interactions operating at various places in the physiological blood pressure regulating mechanism need to be explored and worked up and tested for various models of inheritance of this disorder.
Conclusion
It is concluded that in the present study, carried out on the STK39 A > G rs35929607 single nucleotide polymorphism, both the homozygous and heterozygous genotypes carry a lower risk of transmission of essential hypertension in various tested dominant and recessive models of inheritance in the consanguineous and nonconsanguineous populations. As the related genetic component plays a minor role in this study, it is recommended that other genes implicated in the etiology of EHTN need to be explored and tested for the models of inheritance.
